INTRODUCTION
In many manufacturing applications, especially in the aerospace industry, the need for long tool-holder is unavoidable. Such tools are frequently required for the production of parts with deep holes. The determination of optimal tool-holder overhang and cutting tool geometry for specified surface roughness and accuracy of product are the key factors in the selection of machining process. To provide the quality of the process, machining processes are producing methods, usually in relatively short periods and at low cost. In recent years, considerable progress is made so as to investigate the effect of tool overhang and cutting tool geometry parameters on the resultant surface quality during single point diamond turning [1, 2] . In recent years, due to the need to improve the quality of parts, there has been a push toward decreasing the cutting tool holder deflection in turning. These deflections derive from the machine tool system and the machining process. The errors of the machining process generated in turning originate from a number of sources, however the tool system because of cutting force is one of the major problems for precision machining [3] . Because the tool holder is subject to bending depend on effect point of the tangential cutting force (F), cutting tool displaced (). This situation has negative effects on the surface quality as shown in Fig.1 . Based on applications and theoretical approaches, it is known that cutting tools must be clamped as short as possible so as to achieve the desired surface quality of the work piece. For the internal turning method in particular, the cutting tool should be attached with the proper length, not with the shortest distance. This situation may also be the case for external turning processes, depending on the work piece geometry [4] . Kumar et al. [5] displayed the problems because of tool overhang during boring operation. They performed particle damping based on experiments to decrease the vibrations because of the tool overhang and used different metal particles to fill the boring bar for the purpose of damping. The effects of particle based damping on surface roughness are explored. Kassab and Khoshnaw [6] have determined the surface roughness of the work piece by selecting tool overhangs at 25, 30, 35, and 40 mm at different cutting speeds, different depth of cuts, and different feed rates. They studied this during the turning of workpieces made of carbon steel materials to determine the relevance between the tool vibration and the surface roughness. The results showed that the feed rate had the greatest effect on surface roughness and that both surface roughness and vibration increased in parallel with the tool overhang. As the tool overhang shows an increase, so does the tendency of the system to vibrate. In all experiments, the surface roughness increased as the tool overhang increased. Batey and Hamidzadeh [7] fulfilled machining experiments by varying the tool feed rate, spindle speed and tool length to measure the vibration signature for various combinations. They transformed these signatures into the frequency domain. A natural frequency of lathe components is also calculated. Based on this study, they developed a method so as to determine the source of vibration and for its control. According to their results, an increase in tool length should result in higher flexibility and lower natural frequencies. Kiyak et al. [4] studied the effects of cutting tool overhang on the surface quality and the cutting tool wear in external turning processes. They developed two analytical models to find the deflection of tool at different overhangs. The effects of tool overhang on surface roughness and tool wear were found to be significant. Sardar et al. [8] developed a finite element model to understand the dynamics of tool shank overhang. They performed finite element analyses in order to calculate the frequency at different tool overhang positions, followed by experimental measurement of frequencies at these tool overhang positions. It was concluded that higher tool overhang causes more vibration in the machining system. Amin et al. [9] have performed studies aiming to determine chip form instability in the turning process experimentally. They used a CNMG120408 type insert and three workpiece materials (austenitic stainless steel and AISI 1020 and AISI 1040 carbon steels). To determine the impact of tool overhang, overhang lengths of 40, 50, and 60 mm were selected and no significant chip form instability was observed when the tool overhang length was 40 mm. This situation has been referred to as the rigidity of the tool. Haddadi et al. [10] examined the impact of worn tools and brand new tools on vibration frequency in the turning process experimentally. They examined the effects of rake angle and tool overhang under orthogonal and oblique cutting conditions. In experiments, they used a workpiece made of low carbon steel and high-speed steel tools. The tool overhangs were 20, 30, and 50 mm. In the experimental studies that they conducted using different depth of cuts, the effect of the tool overhang was found to be clearly dependent on the selected experimental parameters. Abouelatta and Mádl [11] established a relationship between the tool life, surface roughness and the tool vibrations. Tool overhang was selected as a variable parameter for experiments along with the cutting speed, tool feed rate, depth of cut, tool nose radius, approach angle, length and diameters of the work piece. They measured the acceleration in both radial and feed directions and the analysis of vibration was carried out by means of Fast Fourier Transforms. Based on their experimental data, suitable regression models were developed. Kassab and Khoshnaw [6] have determined the surface roughness of the workpiece by selecting tool overhangs at 25, 30, 35, and 40 mm at different cutting speeds, different depth of cuts, and different feed rates. They studied this during the turning of workpieces made of carbon steel materials to determine the relevance between the tool vibration and the surface roughness. The results showed that the feed rate had the greatest effect on surface roughness and that both surface roughness and vibration increased in parallel with the tool overhang. As the tool overhang enhances, so does the tendency of the system to vibrate. In all tests, the surface roughness increased as the tool overhang increased. Tool overhang effects on the quality of surface as a machining parameter, especially during the turning process, has not been reviewed in detail. However, few researchers have reported its importance as one of the cutting tool geometry. In this study, we investigate the effects of cutting tool overhang and tool geometry on the quality of surface in external turning processes. Three different regression models namely Linear, quadratic and exponential have been used for evaluating their ability to offer reasonable surface roughness prediction model and their results are compared.
EXPERIMENTAL DESIGN and SETUP

Experimental setup
In the present investigation workpieces of 42CrMo4 steel, 40 mm in diameter and 0.250 m in length, were machined using a 2.2 kW Harrison M300 lathe. Under dry unlubricated cases, the workpieces were machined at cutting speeds of 150 m.min -1 , a feed rate of 0.15 mm.rev -1 , a depth of cut of 1.5 mm and with tool overhangs of 30, 40 and 50 mm. The cutting tools used here are proper for the machining of low carbon steel with ISO P25 quality, which is equal to LC215K code. The inserts were produced by Böhler Inc., with the ISO designation of CNMG 120404-BF, CNMG 120408-BF, CNMG 120412-BF (80° Rhombic inserts). The inserts were mounted rigidly on three different right hand style tool holders designated by ISO as PCLNR/L 2020 K12 AA9, PCLNR/L 2020 K12 AA6, and PCLNR/L 2020 K12 AA3 thus giving back rake angle of -9°, -6° and -3°, respectively. In all instances, the side rake angle is 6°. The experimental set up is shown schematically in Fig. 2 . After the experiments, Mahr Perthometer M1 was used to measure the surface roughness and the mean roughness values obtained from three different points of machined surface were calculated. 
Design of experiment
In the past, various methods were used to quantify the impact of machining parameters on part finish quality. Although the processes that previous researchers have utilized are similar in nature, they all vary slightly in their execution. All of the relevant literature includes some kind of design of experiments which allow for a systematic approach to quantify the effects of a finite number of parameters [12] . Most famous statistical tools contain: Taguchi method, variance analysis, regression modelling and response surface methodology, etc. Many researchers [13] [14] [15] used these statistical tools to optimize parameters for different machining processes. In the current study, for machining experiments, maximum possible tool overhang length is divided into three different tool overhang positions as per machine tool-holder logistics. As input parameters, the total four parameters, viz: tool overhang, tool nose radius, approach angle and rake angle are selected accordingly, while the surface roughness is regarded as the broad output parameter. Three different levels for each input parameter (tool overhang, tool nose radius, approach angle and rake angle) are selected for the machining experiments. The parameters and their levels are summarized in Table 1 . With three tool overhang positions and three levels each of tool nose radius, approach angle and rake angle, 81 machining cuts in total are carried out. During each cut, the chip extraction and the environmental conditions are kept similar. The surface roughness was measured with a Mahr Perthometer M1, by using a trace length of 2.5 mm, a cut-off length of 0.8 mm. For the metrology of each machined surface, three linear scans (at 120° to each other) are taken and their average is considered as the representative surface roughness. Special attention is given to tool edge condition and sufficient, special attention is given.
Variation of surface roughness-tool overhang is clear from Fig. 3 . The optimum tool overhang for machining is shown in this figure. However, it is not giving any information about optimum tool geometry parameters in which the tool overhang value is required to be fixed high and very low. In such cases, the other tool geometry parameters need to be optimized in terms of tool overhang. This study is intended to optimize the tool geometry parameters with respect to a fixed tool overhang position depending on surface roughness. Hence, instead of optimizing parameters for each tool overhang, it is decided to perform line wise optimization. The flow chart of experiment design is shown in Fig. 2 . The descriptive statistics of input parameters and output parameters (surface roughness) using in experiments and calculated roughness values with regression analysis can be seen in Table 2 . In a data set, a smaller standard deviation indicates less variability in ratings. Ratings with the smallest standard deviation from the mean identified the most reliable of the three sensory method treatments among linear quadratic, and exponential. 
Methodology
To study the behaviours involved in the process, modelling is defined as a scientific way. Regression method is one of the most widely used statistical techniques. Multiple regression analysis is a multivariate statistical technique used to examine the relationship between a single dependent variable and a set of independent variables. The objective of the multiple regression analysis is to use independent variables whose values are known to predict the single dependent variable. On the basis of the obtained analysis results of the effects of process parameters on the dependent variable and the interaction among the independent variables, regression analysis was next carried out to estimate Ra. In turning, there are many factors which affect the surface roughness like tool variables, workpiece variables, and cutting conditions. Tool variables include tool material, nose radius, rake angle, cutting edge geometry, tool vibration, tool point angle, etc., while workpiece variables comprise material, hardness, and other mechanical properties. Furthermore, cutting conditions include cutting speed, feed rate, and depth of cut. Since the turning process contains many parameters, it is complex and hard to select the appropriate cutting conditions and tool geometry to achieve the required surface quality [16] . Therefore, some scientific approaches are needed to represent the process. It seems clearly that the proper model selection for the surface roughness is essential for the machining of materials. Modelling of machining processes is important to provide the basis mathematical model for the formulation of the objective function. A model developed for machining process is the relationship between two variables which are decision variable and response variable in terms of mathematical equations. Therefore, the minimization of the Ra must be formulated in the standard mathematical model [17] .
In order to accurately model the surface roughness in turning, one needs to first understand why current models fail. The surface roughness average Ra is generally described on the basis of the ISO 4287 norm, which is the arithmetical mean of the deviations of the roughness profile from the central line (lm) along the measurement (see Fig. 4 ). Average roughness (Ra) of the surface is calculated from the following equation [18] .
where Z(X, Y) is the elevation for a given point, and S0 is the projected area of the given area. A basic theoretical model for surface roughness, that is, the difference between the actual surface area and the geometrical surface area, was also calculated from the following model:
where f is feed rate and re is the tool nose radius. According to this model, one needs only a decrease the feed rate or an increase the tool nose radius to develop desired surface roughness. However, there are several problems with this model. Firstly, it does not take into account any imperfections in the process, such as tool vibration or chip adhesion. Secondly, there are practical limitations to this model, since certain tools (such as CBN) require specific geometries to improve tool life [12, 19] . Many researchers have studied the impact of cutting factors on surface roughness using regression analysis. However, the effects of insert edge geometry are not included in those models. There are three main effects leading to the degradation of surface roughness: tool nose Radius, approach angle and rake angle. In planning and conducting the experiment, DoE 3 k full factorial were used. Selected factors of experiment have changed in 3 levels of value. This method allows investigating the wider interval of parameters and the predicted mathematical model is more reliable [20] . The next step was to estimate the model.
RESULTS and DISCUSSION
Development of Regression Model
In this section, linear, quadric and exponential regression equations are introduced for Ra values and model factor effects are provided. Optimum regression model was detected according to coefficient of determination (R 2 ), is a number that indicates how well data fit a statistical model. Ra is dependent variables while r, κ, γ and L are independent variables in regression models. Linear, quadratic and exponential regression modelling and analysis of variance (ANOVA) for Ra values are developed using Statistica software. The correlation coefficients (R) value of modelled independent variable Ra is given in Tables 3, respectively. In the next step, Ra estimation procedures were performed by creating mathematical (linear, quadratic and exponential) equations. When Table 3 is examined, it can be seen that the highest correlation of R=0.9787 was obtained for Ra. Moreover, Ra was estimated through the second degree interaction regression equation which includes all input parameters and the determination coefficient of R 2 =0.9579 was statistically significant and consistent (Fig. 5b) . By transferring the coefficients value of independent variables (Tables 1) into Table 4, the regression model and the determination  coefficient (R  2 ) for Ra values can be written in the Table 4 . Equations in Table 4 In this study, experimental measured and obtained Ra values were evaluated by using regression models that developed Statistica software. When the Ra values are examined together, quadratic equation gives closer results to experimental values than the other regression models. This means that quadratic equation estimates the surface roughness better when compared to other regression models. By using the all values, the correlation coefficients result in 0.9787, 0.9501 and 0.9498 for experiment-quadratic, linear and exponential models, respectively. As the correlation coefficients get closer to 1, estimation accuracy increases. In the case presented in this study, the correlation coefficients obtained are very close to 1, which indicates a perfect match between regression models estimation values and experimental measurement values (Fig. 6) . 
ANOVA Analysis
For machining process ANOVA can be useful on the one hand to determine the influence of given input parameters from a series of experimental results by design of experiments and on the other hand it can be used to interpret experimental data. The ANOVA tables consist of sum of squares and degrees of freedom (DoF). The mean-square is the ratio of sum of squares to degrees of freedom and F ratio is the ratio of mean square to the mean square of experimental error. In robust design F ratio can be used for qualitative understanding of the relative factor effects. A large value of F means that the effect of a given factor is large compared to the error variance so, the larger value of F, the more important the given factor influencing the process response. Table 5 gives the result of the ANOVA with the surface roughness Ra. This was performed for significance level of =0.05, i.e. for a confidence level of 95%. A low P-value shows a statistical significance for the source on the corresponding response [16] . The last column of the tables shows the percentage of contribution (PC%) of each parameter on the total variation. The greater the percentage contribution, the greater the influence a parameter has on the result. From the analysis in Table 5 , the most significance factor for Fvalue is the linear and quadratic effect of tool nose radius with 380.99, 30.03, 526.01 F ratio for linear, quadratic and exponential regression models, respectively. Also there isn't a strong relation between independent variables and dependent variable because of low determination coefficient value of linear and exponential regression models comparing with quadratic model determination coefficient value. This is a good agreement with the previous researcher's works [21, 22] . Here are the cutting parameters which mainly control the final result and especially the roughness of the machined surface. This is the technical result that is usually searched.
Graphical Analysis
The response surface is plotted (Fig. 7a-f ) so as to search the effect of process variables on the end of surface. The response surface plots represent the regression equations which are used to describe the relationship between the response and experimental levels of each parameter. From Fig. 7a , c, e, the surface roughness Ra has an increasing trend with the increase of radius, overhang and approach angle. From Fig. 7b, d , f it is seen that, Ra decreases with the decreases of depth of nose radius. It can be noted that from Fig.  7 , tool nose radius has the most effect on surface roughness and its variation is very high when compared to other parameters. The best surface roughness was achieved at the lowest radius, approach angle and overhang and highest rake angle combination as expected. This is an established fact that more vibrations are resulted from high value of tool overhang and nose radius. Similarly, with the increasing approach angle, the cutting force increases as well. Thus, at this time vibration is born. 
CONCLUSION
In this study, the behaviour of tool overhang and cutting tool geometry in single turning point and its influence on the quality of surface through a series of its interaction with the other machining parameters (viz: tool nose radius, approach angle and rake angle) are investigated. A series of machining operations are performed in the sequential combinations of tool overhang, tool nose radius, approach angle and rake angle. The surface quality is analysed in terms of linear, quadratic and exponential regression analysis and ANOVA. The regression analyses are used to predict the surface roughness by means of suitable modelling operations. The followings are the conclusions based on the study above:  In single point turning, the tool overhang influences the quality of surface significantly. Extreme values of tool overhang result in poor surface quality. From the experiments carried out on the machining parameters, it was observed that the surface roughness of work piece increases as the tool overhang increases. The optimum range of tool overhang is 30 mm. Using the same tool overhang, the surface roughness of the work piece shows an increase as the tool nose radius and approach angle increases. In the measurements performed after the experiments were complete, it was seen that the cutting tool deflection values increased together with the tool overhang.  Also, strong interaction among all input process parameters is observed and validated. Thus, the selection of the other machining parameters are affected by the tool overhang as well considerably.  Rake angle parameter adversely affects surface finish.  Equations which were derived by multi-regression modelling techniques can be used for surface roughness modelling of turning process that can't be computed by theoretically.  Surface roughness value can be predicted with an acceptable accuracy with the usage of linear, quadratic and exponential regression models. The result of comparison between these models and coefficient of correlations (R 2 ) for predicted surface roughness shows that prediction performance of the quadratic model is slightly better than the others.  In the future, real time monitoring, optimization, model referenced adaptive control of the process can be studied while different parameters would be added.
